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(54) Pretreatment apparatus 

(57) It is an object to provide an apparatus adapta- 
ble to an apparatus for analyzing liquid samples in the 
chemical field or the biochemical field, and capable of 
performing pretreatment, such as washing of the needle 
and diluting of the collected sample. The pretreatment 
apparatus comprising: a needle for sampling at least a 
liquid sample in a predetermined quantity which must 
be pretreated; a needle holding mechanism for movably 
holding the needle in a vertical direction; a frame for 
movably holding the needle holding mechanism in a hor- 



izontal direction; a needle washing block which is pro- 
vided for the needle holding mechanism, which is capa- 
ble of moving in the horizontal direction together with 
the needle and the vertical movement of which is inhib- 
ited; a pretreatment tank formed by integrating a diluting 
tank for diluting the liquid sample and a liquid discharge 
tank for discharging waste liquid; a mixing fluid passage 
for mixing the diluted liquid sample; and pipes and at 
least two syringes for defining flow passages connecting 
the needle, the needle washing block, the pretreatment 
tank, and the mixing fluid passage. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus for 
analyzing a liquid sample for use in the chemical field 
and the biochemistry field, and more particularly to an 
apparatus for performing pretreatment, such as wash- 
ing of a needle or dilution of the collected sample. 

For example, analysis of glycated hemoglobin us- 
ing, for example, liquid chromatography has been per- 
formed such that a blood sample in a tube (a vacuum 
blood collecting tube) having a rubber cap is collected 
in a predetermined quantity to analyze the quantity of 
glycated hemoglobin component in the sample. 

The foregoing operation is specifically performed 
such that a pin type needle capable of penetrating the 
rubber cap of the vacuum blood collecting tube Is 
caused to accurately penetrate a penetration target por- 
tion having a diameter of about 5 mm in the central por- 
tion of the rubber cap to collect a blood sample in a pre- 
determined quantity, and then the blood sample is dilut- 
ed into an arbitrary dilution ratio, followed by introducing 
the blood sample into an analysis column. Therefore, 
pretreatment including collection (sampling) and dilution 
must be performed before the sample is actually sup- 
plied to the column. When analysis of glycated hemo- 
globin is performed, another pretreatment for hemolyz- 
ing red blood cells must be performed before the sample 
is supplied to the analyzing column. To sequentially an- 
alyze a plu rality of blood samples, pretreatment of wash- 
ing the needle must be performed before the operation 
is performed. 

As described above, various analyzing apparatus- 
es including the glycated-hemoglobin analyzing appa- 
ratus, have the structure to control the component parts 
thereof to cause the components parts to perform com- 
plicated operations. Moreover, special parts for washing 
and dilution have been provided. 

The pretreatment will now be described with refer- 
ence to Fig. 1 such that an apparatus for analyzing 
blood, such as the glycated-hemoglobin analyzing ap- 
paratus, is taken for example. The glycated-hemoglobin 
analyzing apparatus is required to be capable of sucking 
the blood sample from the vacuum blood collecting tube 
having the rubber cap with satisfactory reproducibility, 
removing contamination occurring due to carrying of the 
sample and having excellent dilution reproducibility 
about, in general, 200 times to about 400 times. 

Initially, a needle 1 is moved to a sampling position 
2, and then is caused to penetrate a rubber cap on a 
vacuum blood collecting tube 3 by being moved down- 
wards. Thus, a blood sample is sucked in a predeter- 
mined quantity attributable to the reciprocating opera- 
tion of a first syringe 4. To suck the blood sample with 
satisfactory reproducibility, the foregoing predetermined 
quantity must be 3 microliter or greater. In order to cause 
the first syringe 4 to perform the sucking operation, a 



first valve 5 is closed. 

Then, the needle is moved to a dilution tank 6 to 
discharge the sucked blood sample, and then a second 
syringe 7 is operated to jet out solution (diluting solution) 
s from a dilution nozzle 8 in a predetermined quantity so 
as to dilute the blood sample to a predetermined dilution 
ratio (in general, 200 times to 400 times). After jetting of 
the solution from the dilution nozzle 8 has been com- 
pleted, the first valve 5 and the second valve 9 are 
switched to introduce the diluted sample into a sample 
injector 10 formed by using a hexagonal valve. Then, 
the diluted sample is supplied to the analyzing column. 
To also perform the dilution operation with excellent re- 
producibility, the quantity of the collected blood sample 
must be 3 microliter or greater. 

After the foregoing operations have been complet- 
ed, the dilution chamber and the needle are washed in 
order to analyze a new blood sample. The needle is 
washed by a method in which solution is allowed to flow 
in a needle washing block 11 by a washing pump 1 2 or 
a method in which washing solution is discharged from 
the needle in a needle washing tank 1 3, and then a third 
valve 14 is opened and a suction pump 15 is operated 
so as to suck the contaminated washing solution into a 
vacuum chamber 16 followed by opening a fourth valve 
17 at a certain timing so as to discharge the contami- 
nated solution into a discharge portion 18. 

The dilution tank 6 is washed such that the washing 
solution is discharged from the needle 1 or the dilution 
nozzle 8 into the dilution tank until the tank is fully filled 
with the soluiion. Then, a fifth valve 19 is opened, and 
then the suction pump 1 5 is operated so as to suck the 
contaminated washing solution into the vacuum cham- 
ber 16, followed by opening the fourth valve 17 at a cer- 
tain timing so as to discharge the contaminated solution 
into the discharge portion 18. 

To reduce the contamination occurring between the 
samples, the needle 1 , the needle washing tank 1 3, the 
needle washing block 1 1 , the dilution tank 6, the sample 
injector 10 and the inside portions of the pipes for es- 
tablishing the connections among foregoing compo- 
nents must be washed. 

The glycated-hemoglobin analyzing apparatus and 
the like, and particularly, the conventional analyzing ap- 
paratus for treating liquid samples, such as blood sam- 
ples, must suck the blood sample from the vacuum 
blood collecting tube in a quantity of 3 microliter or more 
in order to improve the reproducibility. Since the dilution 
ratio of a usual blood sample is 200 times to 400 times, 
the capacity of the dilution tank must be 1500 microliter 
or greater. As a result, there arises a problem in that a 
large quantity of washing solution not smaller than about 
3000 microliter is required to perform the washing oper- 
ation. 

Moreover, the conventional apparatus must be pro- 
vided with the exclusive suction pump and the exclusive 
valve for washing the dilution tank. Moreover, the exclu- 
sive solution supply pump and an exclusive valve are 
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required to wash the needle. As a result, the structure 
of the apparatus becomes too complicated and opera- 
tion of each component becomes too complicated. As a 
result, a long time is required to perform the pretreat- 
ment. 

The conventional apparatus shown in Fig. 1 in- 
volves the structure such that the dilution tank 6 is fully 
filled with the washing solution discharged from the nee- 
dle 1 or the dilution nozzle 8 followed by opening the 
fifth valve 19 to perform sucking. Therefore, the upper 
end portion of the dilution tank cannot be washed suffi- 
ciently and thus the probability of the occurrence of con- 
tamination cannot be eliminated. According to circum- 
stances, there arises a problem in that the needle or the 
valve is clogged. Therefore, complicated maintenance 
must be performed such that the dilution tank 6, the 
valve 19 and the suction pump 15 must periodically re- 
moved from the apparatus so as to be manually washed. 

In particular, in the case of the vacuum blood col- 
lecting tube having a rubber cap, the needle penetrates 
the rubber cap. Therefore, there is a possibility that 
abrasion dust of the rubber cap allowed to adhere to the 
needle scatters into the apparatus. In this case, there 
arises a problem in that the overall passage, which 
reaches the analyzing column, is clogged. 

After the liquid sample has been sucked, the needle 
is moved into the dilution tank, and then the diluting so- 
lution is discharged from the dilution nozzle to realize 
an arbitrary dilution ratio (200 times to 400 times). At 
this time, the diluting solution is jetted out into the dilu- 
tion tank from a diagonally upward direction deviated 
from the center of the dilution tank so as to generate a 
swirl in the dilution tank in order to improve the dilution 
efficiency. However, since the quantity of the jetted di- 
luting solution is determined by the solution ratio, there 
arises a problem in that the blood sample and the dilut- 
ing solution cannot sufficiently be mixed if the solution 
ratio is low. 

If a liquid sample is a sample of blood, the pretreat- 
ment sometimes includes the operation for hemolyzing 
blood in addition to the dilution operation. However, the 
foregoing dilution operation easily results in an unsatis- 
factory degree of hemolysis. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
pretreatment apparatus overcoming the aforemen- 
tioned problems experienced with the conventional 
technology. The object according to the present inven- 
tion can be achieved by a pretreatment apparatus com- 
prising: 



mechanism in a horizontal direction; 
a needle washing block which is provided for the 
needle holding mechanism, which is capable of 
moving in the horizontal direction together with the 
s needle and the vertical movement of which is inhib- 
ited; 

a pretreatment tank formed by integrating a diluting 
tank for diluting the liquid sample and a liquid dis- 
charge tank for discharging waste liquid; 
10 a mixing fluid passage for mixing the diluted liquid 
sample; and 

pipes and at least two syringes for defining flow pas- 
sages connecting the needle, the needle washing 
block, the pretreatment tank, and the mixing fluid 
15 passage. 

The pretreatment apparatus according to the 
present invention has the structure such that when the 
diluted sample which has diluted the liquid sample, such 

20 as blood, is larger than the capacity of the dilution tank, 
the portion exceeding the foregoing capacity is caused 
to flow over into the solution discharge tank so as to be 
discharged. When usual glycated-hemoglobin analysis 
must dilute the blood sample by 200 times to 400 times. 

25 On the other hand the quantity of the blood sample to 
be collected cannot be made to be 3 microliter or smaller 
to obtain satisfactory reproducibility. As a result, if the 
overall quantity of the diluted sample is stored, the ca- 
pacity of the dilution tank is enlarged, causing the wash- 

30 ing solution to be required in a large quantity to wash 
the dilution tank. What is worse, the diffusion and mix- 
ture of the blood sample in the dilution tank are frequent- 
ly insufficient. On the other hand, the present invention 
has the structure such that the capacity of the dilution 

35 tank is positively made to be small and the diluted sam- 
ple allowed to flow over the dilution tank is used to per- 
form primary washing of the dilution tank. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing a conventional pretreat- 
ment apparatus applied to a glycated-hemoglobin 
analyzing apparatus; 

Fig. 2 is a diagram showing an analyzing apparatus 
according to the present invention and applied to a 
glycated-hemoglobin analyzing apparatus; and 
Fig. 3 is a diagram showing a pretreatment tank 
formed by integrating a dilution tank for diluting a 
liquid sample and a solution discharge tank for use 
in the embodiment of the present invention, in which 
Fig. 3a shows the overall structure of the pretreat- 
ment tank and Fig. 3b shows only the dilution tank. 



a needle for sampling at least a liquid sample in a 
predetermined quantity which must be pretreated; 
a needle holding mechanism for movably holding 
the needle in a vertical direction; 
a frame for movably holding the needle holding 



DETAILED DESCRIPTION OF THE PREFERRED 
55 EMBODIMENT 

The apparatus according to an embodiment of the 
present invention applied as a pretreatment portion of a 
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glycated-hemoglobin analyzing apparatus will now be 
described in detail with reference to the drawings. 

Fig. 2 is a diagram showing the structure of the 
present invention. The pretreatment apparatus accord- 
ing to the present invention is arranged to perform col- 5 
lection, dilution, mixture and washing of the components 
to prevent contamination as pretreatment. In order to 
perform the foregoing pretreatment, the present inven- 
tion is arranged to use diluting solution for diluting the 
liquid sample and washing solution for washing compo- 10 
nents of the apparatus. Although the solution may be 
two or more types of solutions, sole type solution 21 may 
be employed, as shown in Fig. 2. That is, a glycated- 
hemoglobin analyzing apparatus is able to perform the 
dilution and the washing by a single type solution or the is 
like having a salt concentration enabling red blood cells 
to be hemolyzed and containing a surface active agent 
for use in the washing operation. In the apparatus shown 
in Fig. 2, the washing and diluting solution 21 dilutes a 
blood sample 24 in a vacuum blood collecting tube 23 20 
having a rubber cap 22. Moreover, the washing and di- 
luting solution 21 has another function to serve as a so- 
lution for washing a needle 25 and so forth after the 
blood sample has been collected. In a case where low 
salt-concentration solution is used as the washing and 25 
diluting solution, simple use for diluting the blood sample 
cannot satisfactorily hemolyze the blood in general. 
However, satisfactory hemolysis can be realized by per- 
forming sufficient mixture which is performed in a mixing 
fluid passage to be described later. 30 

The apparatus shown in Fig. 2 includes a fluid pas- 
sage (a solution suction system) composed of a first sy- 
ringe 31 , a tank storing the diluting and washing solution 
21 , a first valve 34 and pipes for connecting the forego- 
ing components, a fluid passage (a sampling system) 35 
composed of a sample injector 33 using a usual hexag- 
onal injection valve, a needle 25, the first valve 34, a 
second valve 35 and pipes for connecting the foregoing 
components, a fluid passage (a needle washing system) 
composed of the first syringe 31 , a needle washing block *o 
28, the first valve 34, the second valve 35, a third valve 
36 and pipes for connecting the foregoing components, 
a fluid passage (a mixing fluid passage system) com- 
posed of the first syringe 31 , a mixing fluid passage 32, 
a diluting tank 30b, the first valve 34, the second valve 45 
35, the third valve 36 and pipes for connecting the fore- 
going components and a system composed of a second 
syringe 29 for sucking the blood sample, the needle 25 
and pipes for connecting the foregoing components. As 
described above, the structure of the present invention 50 
shown in Fig. 2 comprises the first syringe 31 for sucking 
and discharging the diluting and washing solution and 
the second syringe 29 for sucking and discharging the 
blood sample. However, a portion of the operation may 
be performed by a syringe provided additionally. 55 

The apparatus according to the present invention 
shown in Fig. 2 is structured such that the syringe is op- 
erated prior to performing the actual pretreatment of the 



liquid sample to be described later. Moreover, each 
valve is switched to previously fill each system with the 
diluting and washing solution. However, it is preferable 
that the mixing fluid passage system be arranged such 
that an air layer be located adjacent to the diluting tank 
30b to rearwards push the diluting and washing solution, 
with which the diluting tank 30b has been filled, to a po- 
sition between the mixing fluid passage and the diluting 
tank by operating the first syringe so as to cause the 
diluted sample and the washing and diluting solution to 
be located while interposing the air layer. 

Although the example shown in Fig. 2 has the struc- 
ture such that the needle 25 is in the pin shape in order 
to penetrate the rubber cap 22 of the vacuum blood col- 
lecting tube 23, the length, the specific shape and so 
forth are not limited particularly. 

The needle 25 is held by a needle holding mecha- 
nism 26 so as to be capable of moving vertically in the 
perpendicular direction indicated by symbol A shown in 
the drawing. The needle holding mechanism 26 is sup- 
ported by a frame F so as to be capable of moving in a 
horizontal direction indicated by symbol B in the draw- 
ing. A needle washing block 28 is attached to the needle 
holding mechanism 26. That is, although the needle 25 
is structured to penetrate the needle washing block 28 
and is capable of moving in the vertical direction, the 
needle washing block does not move vertically. There- 
fore, the vertical movement of the needle 25 causes the 
relative positional relationship with the needle washing 
block 28 to be changed. 

The needle 25 is, attributable to the horizontal di- 
rectional (in the direction B) movement of the frame, 
moved to a position above a position at which the blood 
sample 24 is sampled from the vacuum blood collecting 
tube 23. At this position, the needle holding mechanism 
26 is moved downwards (in the direction A) so that the 
needle 25 penetrates the rubber cap 22 so as to be sub- 
merged into the blood sample 24 (in a state 25a). When 
the second syringe 29 is operated in the foregoing state, 
a blood sample is sucked in a predetermined quantity. 
When the glycated-hemoglobin analysis is performed, 
the quantity of suction is usually about 3 microliter. 

After the blood sample has been sucked, the move- 
ments of the needle holding mechanism 26 and the 
frame cause the needle 25 to be moved to a position 
above the solution discharge tank 30a of the pretreat- 
ment tank 30 formed by integrating the diluting tank 30b 
for diluting the liquid sample and the solution discharge 
tank 30a for discharging the waste solution so as to 
wash the outer surface of the needle. 
At the foregoing position, the valves 34, 35 and 36 in the 
passage formed from the first syringe 31 to the needle 
washing block 28 are opened to open the needle wash- 
ing system so as to supply the diluting and washing so- 
lution 21 to the needle washing block 28 in order to wash 
the outer surface of the needle 25. The needle washing 
block 28 is a block for permitting the needle to penetrate 
and having a columnar hollow portion formed in the ver- 
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tical direction, the columnar hollow portion having an in- 
ner diameter somewhat larger than the outer diameter 
of the needle. The hollow portion is communicated with 
a passage for introducing the washing solution formed 
in the side surface of the upper portion of the block. The 
passage for introducing the washing solution is commu- 
nicated with the first syringe 31 through the valves 36, 
35 and 34. When the needle washing system is opened, 
the diluting and washing solution 21 is introduced into 
the needle washing passage from the introduction pas- 
sage to flow along the outer surface of the needle 25 
and then discharged into the solution discharge tank 
30a after it has washed the outer surface of the needle. 
As a result of the above-mentioned structure, any spe- 
cial suction pump for discharging the sample is not re- 
quired to discharge the contaminated diluting and wash- 
ing solution because the contaminated diluting and 
washing solution can be discharged by the gravity itself. 
As a matter of course, the solution discharge tank 30a 
may be connected to a pump or the like through a vac- 
uum chamber or the like. 

The needle washing passage, which is a fluid pas- 
sage for the diluting and washing solution for washing 
the needle, is also a guide for holing the needle 25 pen- 
etrating the needle washing block 28 to guide the verti- 
cal movement of the needle 25. Therefore, it is prefera- 
ble that the length of the passage be as long as possible. 
However, as described later, the length may be arbitrar- 
ily determined in consideration of the range for the ver- 
tical movement because the needle 25 is vertically 
moved when the needle is washed. 

The top end of the needle washing passage formed 
in the vertical direction of the needle washing block 28 
is sealed by a sealing member, such as an O-ring. The 
structure of the passage is formed such that overflow 
from the upper portion can be prevented when the dilut- 
ing and washing solution has been supplied to cause 
the solution to be discharged through only the lower end 
opening. The sealing member, such as the O-ring, does 
not restrain the vertical movement of the needle 25. The 
sealing member has an effect of wiping out abrasion 
dust of the rubber cap allowed to adhere to the outer 
surface of the needle 25 when the needle is vertically 
moved in the above-mentioned state. It is preferable that 
the foregoing vertical movement be performed about 
three times. It is most preferable that the distance of the 
movement be determined such that the overall body of 
the needle comes in contact with the O-ring or the like. 
At least the portion which has penetrated the rubber cap 
is required to be in contact as described above. To cause 
the diluting and washing solution to be satisfactorily sup- 
plied to the outer surface of the needle, it is preferable 
that the passage for introducing the diluting and washing 
solution be formed perpendicular to the needle washing 
passage. Moreover, it is preferable that the inner diam- 
eter of the passage for introducing the diluting and 
washing solution be smaller than the inner diameter of 
the needle washing passage. 



As described above, the needle 25, having the outer 
surface which has been washed such that the needle 
25 is vertically moved several times while allowing the 
diluting and washing solution to flow above the solution 

s discharge tank 30a of the pretreatment tank 30 formed 
by integrating the diluting tank for diluting the liquid sam- 
ple and the solution discharge tank, is horizontally 
moved to a position above the diluting tank 30b of the 
pretreatment tank 30, and then moved downwards to 

10 the bottom portion of the diluting tank 30b. At the fore- 
going position, the system from the second syringe 29 
to the needle 25 is opened to discharge the overall quan- 
tity of the blood sample sucked into the needle. Then, 
the valve is switched to open the sampling system from 

is the first syringe 31 to the needle 25 so as to slowly dis- 
charge the diluting and washing solution 21 in accord- 
ance with the dilution ratio. If the capacity of the diluting 
tank 30b is not smaller than the quantity of the sample 
to be actually analyzed, the capacity is not required to 

20 be larger than the capacity of the diluted sample realized 
by the dilution. The height of partition 30c between the 
diluting tank 30b and the solution discharge tank 30a 
formed integrally is reduced. Thus, the diluted sample 
allowed to flow over the partition 30c is introduced into 

25 the solution discharge tank 30a. Note that the diluted 
sample allowed to flow over into the solution discharge 
tank 30a can be discharged by gravity alone. 

As can be understood from the drawing, the diluting 
tank 30b has a structure such that the cross sectional 

30 area in the horizontal direction is enlarged in a direction 
from the bottom portion to the upper end. Although the 
shape of the diluting tank 30b may be tapered (a conical 
shape) to realize continuous change in the cross sec- 
tional area, the shape may be changed in, for example, 

35 three stepped manner as illustrated (as a shape formed 
by combining columns having the three different cross 
sectional areas are combined). As a result of the above- 
mentioned structure, a problem can be prevented in 
which diffusion of the blood sample into the diluting and 

40 washing solution is insufficient to therefore cause the 
concentration gradient takes place after the dilution and 
the relative high concentration portion to be missed due 
to overflow into the solution discharge tank 30a. Since 
the diluted sample is again sucked by the needle 25 as 

45 described above, it is preferable that the inner diameter 
of the bottom portion is such as to permit the leading 
end portion of the needle 25 to reach the bottom portion. 

According to the knowledge obtained by the inven- 
tor of the present invention, the bottom portion of the 

50 diluting tank 30b is in a circular shape having a cross 
sectional area which is larger than the outer diameter of 
the needle by about 0.5 mm to about 1 .5 mm in order to 
permit the following needle 25 to satisfactorily suck the 
diluted sample. It is further preferable that a tapered 

55 shape be employed, the diameter of which is reduced 
in a direction toward the leading end as shown in Fig. 3. 
It is preferable that the portion adjacent to the top end 
is about four to about six times the cross sectional area 
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of the bottom portion in order to realize a satisfactory 
diffusion state when the dilution is performed. 

Then, the valves 34, 35 and 36 are switched to open 
the mixing fluid passage system formed from the first 
syringe 31 to the lower end of the diluting tank 30b of 
the pretreatment tank 30. Then, the first syringe 31 is 
reciprocated so as to reciprocate the diluted sample in 
the fluid passage indicated by symbol C in the drawing. 
As can be understood from the drawing, the pipes ad- 
jacent to the diluting tank 30b in the mixing fluid passage 
are formed into a special mixing fluid passage 32 in 
which a plurality of portions having different cross sec- 
tional areas are continued. The mixing fluid passage 32 
changes the flow rate when the diluted sample passes 
through the mixing fluid passage 32 to generate an ar- 
bitrary turbulent flow so as to improve the mixing effi- 
ciency so as to satisfactorily hemolyze the blood sam- 
ple. The shape of the mixing fluid passage is not limited 
to that shown in the drawing. If the employed shape has 
changes in the cross sectional area to change the flow 
rate of the passing solution to generate the turbulent 
flow, the shape is not limited. It is preferable that the fluid 
passage has the same capacity as that of the diluting 
tank 30b or a capacity larger than the capacity of the 
same. The diluted sample mixed in the mixing fluid pas- 
sage is finally returned to the diluting tank. Note that in 
the mixing fluid passage System, the diluting and wash- 
ing solution and the diluted sample are located while in- 
terposing the air layer. Although it is preferable that the 
needle be located in the diluting tank 30b during the op- 
eration using the mixing fluid passage system, it may 
temporarily be moved to, for example, a position above 
the diluting tank 30b. 

After the diluted sample has been mixed in the mix- 
ing fluid passage system, the overall quantity of the di- 
luted sample returned to the diluting tank 30b is sucked 
by opening the sampling system formed from the first 
syringe 31 to the needle 25 and by operating the first 
syringe 31 . As can be understood from also the drawing, 
a general type sample injector 33 using the hexagonal 
injection valve is disposed in the sampling system 
formed from the first syringe 31 to the needle 25. Thus, 
a predetermined quantity of the diluted sample sucked 
by the needle 25 is received in a sample loop 33a in the 
sample injector 33. If the capacity of the fluid passage 
formed from the needle 25 to the sample loop 33a is 
larger than the capacity of the diluting tank 30b, the nee- 
dle 25 may temporarily be moved to, for example, a po- 
sition above the diluting tank 30b in order to take air fol- 
lowing the diluted sample. In particular, it is preferable 
that the capacity of the fluid passage which reaches the 
sample loop 33a be substantially the same as the ca- 
pacity of the diluting tank 30b. More preferably, the ca- 
pacity of the fluid passage which reaches the second 
valve 35 is made to be substantially the same as the 
capacity of the diluting tank 30b so as to locate the sam- 
ple loop 33a at the intermediate position in view of the 
capacity. 



After the overall quantity of the diluted sample has 
been sucked by the needle 25, the mixing fluid passage 
system is opened in a state where the leading end of 
the needle is located in the bottom portion of the dilution 
5 tank. Then, the first syringe is operated to discharge the 
diluting and washing solution so as to wash the dilution 
tank and the mixing fluid passage. As a result of the 
washing operation, also the diluted sample allowed to 
adhere to the outer surface of the needle can be 
10 washed. The quantity of discharge of the diluting and 
washing solution is made to be larger than the capacity 
of the diluting tank 30b. Moreover, the operation is per- 
formed to cause the diluting and washing solution to flow 
over into the solution discharge tank 30a. Then, the first 
is syringe is operated to rearwards push the diluting and 
washing solution left in the dilution layer to a position 
between the mixing fluid passage and the dilution tank. 
Thus, when a next pretreatment is performed, the dilut- 
ed sample and the washing and diluting solution are lo- 
cated while interposing the air layer. 

As a final step of the pretreatment operation, the 
needle 25 is moved from the diluting tank 30b to a po- 
sition above the solution discharge tank 30a. Then, the 
sampling system is opened, and then the first syringe 
31 is operated to discharge the diluting and washing so- 
lution so as to remove the diluted sample left in the sam- 
pling system. As a result, washing of the sampling sys- 
tem including the inside portion of the needle can be 
completed. Therefore, the diluted sample or the like left 
in the sampling system does not generate contamina- 
tion when the next sampling operation is performed. 

Note that the diluted sample received in the sample 
loop 33a is supplied to a glycated-hemoglobin analyzing 
column filled with positive ion exchange resin (not 
shown). 

A structure in which the present invention is applied 
as a pretreatment apparatus of a glycated hemoglobin 
analyzing apparatus will now be described with refer- 
ence to an example. Note that the present invention is 
not limited to the structure of the example. 

In general, the pretreatment apparatus for the gly- 
cated hemoglobin analyzing apparatus must satisfy 
time required to complete the pretreatment being 120 
seconds or shorter, carry (contamination) from the pre- 
vious blood sample being 1 % or smaller, the dilution 
ratio being about 250 times and reproducibility (CV) be- 
ing 10 % or lower. Moreover, the apparatus is required 
to perform the dilution and hemolysis of red blood cells. 

The overall structure of the employed pretreatment 
apparatus is as shown in Fig. 2. As the diluting and 
washing solution 21, a marketing hemolyzing agent for 
glycated-hemoglobin analysis (hemolyzing agent C 
manufactured by Tosoh Corporation) was employed. As 
the blood sample 24, blood was employed, to which ED- 
TA was added as a blood coagulation preventive agent, 
which was collected into the vacuum blood collecting 
tube 23 having the rubber cap 22, subjected to centrif- 
ugal sedimentation at 3000 rpm for 10 minutes and al- 
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lowed to stand for three days to have high viscosity. 

As the first syringe 31 for sucking and discharging 
the solution, a syringe having a capacity of 2500 micro- 
liter was employed. As the second syringe 29 for suck- 
ing and discharging the sample, a syringe having a ca- 
pacity of 250 microliter was employed. Each of the first 
valve 34, the second valve 35 and the third valve 36 was 
a marketing three-way electromagnetic vale (manufac- 
tured by Advance Electric Company Inc.). As the sample 
injector 33, a marketing hexagonal injection valve (man- 
ufactured by Rheodyne Incorporated) was employed. 
Note that the capacity of the sample loop 33a of the sam- 
ple injector was 10 microliter. 

As the needle 25, a needle having an outer diameter 
of 1 .25 mm, a length of 1 5.5 cm and having an opening, 
the diameter of which was 0.6 mm and which was 
formed at a position distant from the leading end of the 
needle for a distance of 4.2 mm was employed. As the 
mixing fluid passage connected to the dilution tank 30b 
a passage was employed which was made of a Teflon 
tube having an inner diameter of 2 mm and a length of 
20 cm and a portion of which was reduced in the diam- 
eter to have a wavy cross sectional shape. 

As the pretreatment tank 30 formed by integrating 
the dilution tank for diluting the liquid sample and the 
solution discharge tank, a tank made of PMMA (acrylic 
resin) was employed. The overall shape of the pretreat- 
ment tank is shown in Fig. 3a, and the detailed structure 
of the diluting tank 30b is shown in Fig. 3b. 

The area of the opening in the solution discharge 
tank 30a was 11 2. 26 mm 2 . The axial line of the hole in 
the dilution tank and the axial line of the hole in the so- 
lution discharge tank were apart from each other for 14 
mm. The overall length (a) of the diluting tank 30b was 
47 mm. The hole was in the form of a columnar shape 
having the cross sectional area changed in three steps 
such that it was in the form of a columnar shape having 
an inner diameter of 2.5 mm in a region from the bottom 
surface to a position of 7 mm, a columnar shape having 
an inner diameter of 3 mm in a region from the position 
of 7 mm apart from the bottom surface to a position of 
43 mm and a columnar shape having an inner diameter 
of 5 mm in a region from the position of 43 mm apart 
from the bottom surface to a position of 47 mm. The ca- 
pacity was 367.18 microliter. The capacity which was 
realized when the needle was moved downwards to the 
bottom surface of the dilution tank was about 310 mi- 
croliter which was a value obtained by subtracting the 
capacity of the needle. The height (b) of the outer portion 
of the dilution tank was 4.5 mm. Since the height of the 
partition from the solution discharge tank was the same 
as the height of the top end of the dilution tank and the 
width (c) was made to be 1 mm, the diluted sample al- 
lowed to flow over the dilution tank was introduced into 
the solution discharge tank to prevent discharge from 
the pretreatment tank to the outside. 

The needle washing block 28 has the structure such 
that a block having an overall length of 40 mm, a width 



of 20 mm and a depth of 40 mm and made of PMMA 
(acrylic resin) was provided with a columnar hole serv- 
ing as the needle washing passage having an inner di- 
ameter of 1 .8 mm and an overall length of 40 mm. A 
5 washing solution introducing passage was formed at a 
position of 5 mm apart from the top end of the needle 
washing passage, the washing solution introducing pas- 
sage being connected perpendicularly to the needle 
washing passage and having an inner diameter of 0.8 
10 mm. Moreover, an O-ring serving as the sealing member 
and having an inner diameter of 1 .2 mm was secured to 
the opening at the top end of the needle washing pas- 
sage. In addition, a cylindrical nozzle having a hollow 
portion, the inner diameter of which was 1 .8 mm and a 
is length of which was 5 mm, was secured to the lower end 
of the block 28 to cause the washing solution to easily 
be discharged to the solution discharge tank 30a. 

The pipes except the mixing fluid passage 32 were 
Teflon pipes each having an inner diameter of 0.8 mm. 

The quantity of the blood sample to be collected by 
the needle was 3 microliter. The washing and diluting 
solution in a quantity of 600 microliter was discharged 
into the dilution tank at a discharge rate of 1 31 microliter/ 
second. Since the capacity of the dilution tank was 310 
microliter, 290 microliter flowed over into the solution 
discharge tank 30a. The needle was washed such that 
the diluting and washing solution in a quantity of 900 
microliter was used while vertically reciprocating the 
needle three times. The dilution tank and the mixing fluid 
passage having the total capacity of 367.18 microliter 
were washed by discharging the diluting and washing 
solution in a quantity of 1342 microliter. 

The operation for mixing the diluted sample in the 
mixing fluid passage 32 was performed by reciprocating 
the first syringe 31 to reciprocate the diluted sample in 
the fluid passage 32 three times. The blood sample sub- 
jected to the pretreatment was supplied to a column 
filled with the positive ion exchange resin by the sample 
injector 33, and then excessive diluted sample was dis- 
charged from the needle into the solution discharge 
tank. Then, the diluting and washing solution in a quan- 
tity of 300 microliter was jetted out to wash the inside 
portions of the pipes in the sampling system and the 
needle. 

The foregoing operation took time of about 110 sec- 
onds. The pretreatment apparatus according to the 
present invention was able to satisfactorily perform the 
pretreatment operation, particularly the mixing opera- 
tion. Asa result, blood cells were sufficiently hemolyzed. 
Therefore, the analysis was resulted satisfactorily. After 
the pretreatment was performed, a liquid sample con- 
taining no glycated-hemoglobin component was em- 
ployed to perform a similar pretreatment operation. As 
a result, substantially no chromatogram peak consid- 
ered to be a residue (contamination) of the previous 
blood sample was observed. The area of the chromato- 
gram indicating the absolute value of the obtained blood 
cells was substantially the same as that realized by per- 
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forming manual pretreatment (dilution) by 250 times. 

As a result of observations of reproducibility of the 
pretreatments (dilution) with the same blood cells, the 
reproducibility (CV) obtained after conducting the pre- 
treatment operations of ten (10) times was 1.26%; s 
CV=1.26%. 

The glycated hemoglobin analyzing apparatus hav- 
ing the above-mentioned pretreatment apparatus ac- 
cording to the present invention was used to analyze 
8000 blood samples collected into the vacuum blood 10 
collecting tube. As a result, dust of the rubber cap al- 
lowed to adhere to the needle was discharged into the 
solution discharge tank. Thus, no contamination (con- 
taminant) was confirmed in the dilution tank. Moreover, 
any problem of clogging or the like did not arise. is 

The pretreatment apparatus according to the 
present invention has the structure such that when the 
diluted sample which has diluted the liquid simple, such 
as blood, is larger than the capacity of the dilution tank, 
the portion exceeding the foregoing capacity is caused 20 
to flow over into the solution discharge tank so as to be 
discharged. When usual glycated-hemoglobin analysis 
must dilute the blood sample by 200 times to 400 times. 
On the other hand the quantity of the blood sample to 
be collected cannot be made to be 3 microliter or smaller 25 
to obtain satisfactory reproducibility. As a result, if the 
overall quantity of the diluted sample is stored, the ca- 
pacity of the dilution tank is enlarged, causing the wash- 
ing solution to be required in a large quantity to wash 
the dilution tank. What is worse, the diffusion and mix- so 
ture of the blood sample in the dilution tank are frequent- 
ly insufficient. On the other hand, the present invention 
has the structure such that the capacity of the dilution 
tank is positively made to be small and the diluted sam- 
ple allowed to flow over the dilution tank is used to per- 35 
form primary washing of the dilution tank. 

As described above, the capacity of the dilution tank 
is reduced so that present invention is able to reduce 
the quantity of the washing solution required to wash the 
dilution tank. Moreover, the present invention has the 40 
contrivance in the shape of the dilution tank such that 
the mixing fluid passage is formed in the dilution tank. 
Thus, diffusion and mixture of the liquid sample or the 
like in the dilution tank can efficiently be performed in a 
short time. As a result of the foregoing structure, efficient 45 
dilution and mixture can be performed with the glycated- 
hemoglobin analyzing apparatus which uses a blood 
sample as the liquid sample. In this case, another effect 
can be obtained in that hemolysis of the blood sample 
can be realized. If the number of the reciprocating op- so 
erations is adjusted by changing the operation times of 
the syringe, the degree of mixture adaptable to the type 
of the liquid sample can easily be realized. 

According to the present invention, the pretreat- 
ment, such as the washing of the needle, the dilution 55 
tank and the mixing fluid passage, can be performed by 
a single syringe and the three valves for switching the 
system as illustrated. Thus, the apparatus can be sim- 



plified and the time required to perform the pretreatment 
can be shortened. 

According to the present invention, the columnar 
hole serving as the dilution tank can be washed with the 
washing solution discharged from the syringe. Moreo- 
ver, the washing solution discharged in a quantity larger 
than the capacity of the dilution tank flows over in the 
adjacent solution discharge tank so that contamination 
occuring attributable to contaminant in the top end of the 
dilution tank is effectively prevented. In addition, ele- 
ments, such as the suction pump, the vacuum chamber, 
the exclusive valves for only washing the dilution tank 
of the conventional apparatus are not required. Since 
the top end of the dilution tank is not contaminated be- 
cause the washing solution is allowed to flow over the 
dilution tank, the dilution tank can be formed into a main- 
tenance-free structure. 

According to the present invention, also the needle 
for collecting the liquid sample, such as blood, can suf- 
ficiently be washed. Since the sealing member, such as 
the O-ring, attached to the needle washing block causes 
the washing solution to flow along the needle while wip- 
ing out the abrasion dust of the rubber cap allowed to 
adhere to the needle, the outer surface of the needle 
can be washed. Therefore, the abrasion dust of the rub- 
ber cap and so forth are abolished into the solution dis- 
charge tank. Therefore, another effect can be obtained 
in that probability of introduction of the dust into the 
pipes in the apparatus and generation of clogging can 
be eliminated satisfactorily. 



Claims 

1 . A pretreatment apparatus comprising: 

a needle (25) for sampling at least a liquid sam- 
ple in a predetermined quantity which must be 
pretreated; 

a needle holding mechanism (26) for movably 
holding said needle (25) in a vertical direction; 
a frame (F) for movably holding said needle 
holding mechanism (26) in a horizontal direc- 
tion; 

a needle washing block (28) which is provided 
for said needle holding mechanism (26), which 
is capable of moving in the horizontal direction 
together with said needle (25) and the vertical 
movement of which is inhibited; 
a pretreatment tank (30) formed by integrating 
a diluting tank (30b) for diluting the liquid sam- 
ple and a liquid discharge tank (30a) for dis- 
charging waste liquid; 

a mixing fluid passage (32) for mixing the dilut- 
ed liquid sample; and 

pipes and at least two syringes (31 ,29) for de- 
fining flow passages connecting said needle 
(25), said needle washing block (28), said pre- 
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treatment tank (30), and said mixing fluid pas- 
sage (32). 

2. The pretreatment apparatus according to claim 1 , 
wherein the liquid sample is a sample of blood. s 

3. The pretreatment apparatus according to claim 1, 
wherein said pretreatment apparatus is applied as 
a pretreatment portion of a glycated-hemoglobin 
analyzing apparatus. 10 

4. The pretreatment apparatus according to claim 1 , 
wherein a partition (30c) for separating said the di- 
luting tank (30b) and the solution discharge tank 
(30a) is provided in said pretreatment tank (30) so 15 
as to introduce said diluted liquid sample allowed to 
flow over said partition into said solution discharge 
tank. 

5. The pretreatment apparatus according to any one 20 
of claims 14, wherein said diluting tank (30b) has a 
structure in which the cross sectional area in the 
horizontal direction is enlarged in a direction from 

the bottom portion to the upper end. 



6. The pretreatment apparatus according to claim 1 , 
wherein said mixing fluid passage is constituted by 
a plurality of portions having different cross section- 
al areas being continued with one another. 



25 



30 



7. A method of taking a sample and washing a needle 
used for taking the sample so that the needle is 
clean for reuse which comprises using the needle 
to collect a sample, discharging the sample into a 
container with the needle located in the container, 35 
introducing diluent liquid into the container through 
the needle in a volume such that excess diluted 
sample is produced and overflows up past the nee- 
dle and out of the top of the container, withdrawing 
the diluted sample from the container via a tube 40 
which is such as to induce turbulent flow and deliv- 
ering the thus mixed sample to an injection valve 
for an analysis instrument, locating the needle in a 
passage of larger diameter than the needle, locat- 
ing the needle in the passage over a discharge lo- 45 
cation, and supplying washing liquid to the exterior 
of the needle and to the interior of the needle. 
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